A ffecting as many as 16% to 26% of newborn children in the first months of life, colic remains a frustrating problem for both parents and caregivers. [1] [2] [3] Over the years, numerous remedies from behavioral to pharmacological have been studied as treatments for colic, although few have had rigorous scientific evaluation in the form of randomized controlled trials (RCTs). A recent meta-analysis of therapies for colic was limited for 3 reasons. First, it inappropriately collapsed heterogeneous interventions with differing outcome measures into specific categories of treatment. [5] [6] [7] Second, it used standardized effect sizes, which are prone to bias, 8 as the primary outcome. And finally, it did not include all of the interventions studied for the treatment of colic.
We therefore undertook a systematic review of all rigorously tested therapies for infantile colic. Our goals in this article are to present the findings of the studies in a coherent and systematic way so that practitioners can evaluate each potential therapy in terms of its proven benefits and risks as well as the rigor with which it has been evaluated. Because of their clinical and statistical heterogeneity, we have not aggregated the studies and present the findings as answers to specific questions related to therapeutic modalities.
METHODS

Study Identification and Assessment of Quality
We conducted searches on the Medline database (January 1966 -May 1999) and the Cochrane Clinical Trials Registry (as of May 1999), with colic as both a medical subject heading and a key word. The search was restricted to studies that were classified as clinical trials or RCTs, to those that were conducted in human infants, and to those published in the English language. In addition, the bibliographies of relevant review articles, metaanalyses, and all selected articles were examined. The contents of abstracts or full-text articles from these searches were then reviewed to determine if they met the criteria for inclusion in our review. Authors were contacted for additional information or data when necessary. Searches for unpublished trials were limited to the Medical Editors Trial Amnesty. For inclusion, a study needed to allocate infants with colic randomly to treatment and control groups. Crossover trials were included if all infants crossed over and were therefore exposed to both treatment arms.
The quality of included trials was assessed by examining the adequacy of case definitions, randomization, and double-blinding methods. Although important factors in all clinical trials, these are especially significant in areas of study such as infant colic, where diagnostic and outcome measures tend to be highly subjective. Effective double-blinding is also important when researching a condition that has repeatedly been shown to have a high placebo response rate. 9 -12 The lack of blinding coupled with a subjective outcome may lead to spurious results biased toward a treatment effect. 13 We considered a trial to be adequately double-blinded if the trial was conducted in such a way that there was no reason to assume that those responsible for outcome assessments would be able to distinguish between the active and placebo interventions.
A standardized case definition increases the ability to compare similar trials and also enhances the generalizability of the results. 14, 15 In studies of infant colic, the ideal case definition has generally been considered the Wessel definition, 16 which specifies not only symptoms but frequency and duration as well. Wessel described colic as unexplained paroxysmal bouts of fussing and crying that lasted Ͼ3 hours a day, for Ͼ3 days a week, for Ͼ3 weeks of duration.
Statistical Methods
The effects of treatment for colic (or any other condition) can be meaningfully conveyed in terms of a number needed to treat (NNT). The NNT was calculated from the reciprocal of the absolute risk reduction associated with a given treatment. 17 In the case of colic, this number represents the number of children who would need to be treated to achieve 1 additional positive outcome, such as an X% decrease in daily crying. Results were also reported in terms of resolution rates. Hypothesis testing was performed using Stata 6.0 (Stata Corporation, College Station, TX) to determine if there were statistically significant differences between the rates at the ␣ ϭ .05 level.
RESULTS
Literature Search
The online searches of Medline and the Cochrane Clinical Trials Registry yielded 50 articles, hand searches of relevant bibliographies yielded an additional 3 articles, and no additional studies were located from the Medical Editors Trial Amnesty. The most common reasons for exclusions were 1) study of something other than the treatment of infant colic 18 -35 ; 2) treatment was compared with another treatment rather than with a control 36 -38 ; and 3) treatment allocation was not randomized. 39 -48 Twenty-two RCTs met these criteria and were included in this review. Out of these, 7 were studies of pharmaceutical interventions, 12,49 -54 8 were of dietary interventions, [55] [56] [57] [58] [59] [60] [61] [62] 4 were of behavioral interventions, 9,11,63,64 and 3 were of naturopathic interventions (Table 1) . 10, 65, 66 Unfortunately, many of the included trials had methodologic weaknesses that compromised their results, including a lack of standard case definitions for colic and less than rigorous double-blinding techniques (Table 2 ). Overall, 9 of the trials were considered to have adequate case definitions and 12 of the trials to have adequate double-blinding. All of the included trials were adequately randomized, with 5 trials considered adequate in all 3 categories.
The Wessel definition for infant colic was used in some form by 9 (41%) of the studies included in this review. 9, 10, 12, 52, 55, 56, 58, 65, 66 The remaining studies used varying case definitions, most of which had no measures of duration or defined colic based on health care utilization rather than on infant symptoms. The differences in case definition, along with the wide variation in outcome measures, limit comparison of results between trials and make meta-analysis inappropriate.
Pharmaceutical Interventions
Among the RCTs dealing with pharmaceutical interventions for infant colic, 3 studied simethicone, 3 dicyclomine, and 1 scopolamine.
Is Simethicone an Effective Treatment for Infant Colic?
Out of 3 RCTs of simethicone for the treatment of colic, only 1 showed any possible benefit. In Sethi's study, 51 26 infants receiving simethicone had significantly fewer crying attacks on days 4 to 7 of therapy than did the infants receiving placebo. However, this study reported no details on how cases of colic were defined or ascertained. The 2 other trials of simethicone both found no significant benefit. In 1 randomized crossover trial, 25% of infants improved after a trial of treatment compared with 29% of infants given placebo (relative risk [RR] for no improvement 1.05; 95% confidence interval [CI] ϭ .87-1.27). 12 A subanalysis of infants reported by their parents to be gassy also failed to show a difference between treatment and placebo. Another RCT found no significant differences between treatment and placebo groups when the following outcomes were examined: duration, frequency, and intensity of crying; time spent crying and sleeping; and number of feedings and stools. 50 This latter trial used a highly subjective case definition, which may have resulted in misclassification and bias of the results toward the null. None of the 3 trials reported adverse effects of therapy in either treatment or placebo groups.
In summary, existing data do not demonstrate conclusive benefit of simethicone as a treatment for infant colic.
Does Treatment With Dicyclomine Reduce Symptoms in Infants With Colic?
In all 3 RCTs of dicyclomine, it performed significantly better than placebo. In 1 trial, colic was eliminated in 63% of the infants receiving dicyclomine, as opposed to 25% of those receiving the placebo (RR ϭ .50, 95% CI ϭ .28 -.88). 52 This finding indicates that for every 3 infants treated with dicyclomine, there will be 1 additional case of colic eliminated (NNT ϭ 3). This trial used an adequate case definition, but used cherry syrup as a placebo, which may have not fully blinded the parents to the allocation. The other 2 RCTs both reported the results in terms of clinical scores, and in both cases the mean scores of infants receiving the dicyclomine were significantly better than those of the infants receiving the placebo. 53, 54 Both of these trials used case definitions that included symptoms only, with no requirement of duration or frequency, and 1 trial did not describe the placebo in sufficient detail to allow us to determine if double-blinding was fully adequate. 53 In both of the RCTs that reported adverse effects, there was a difference of 8% in the incidence of adverse effects between the dicyclomine and placebo groups, with the most commonly reported including drowsiness, constipation, and diarrhea. 52, 54 However, these figures reflect only 6 adverse events (1 of which occurred in the placebo group), and the differences were not statistically significant. According to published case reports, the more severe adverse effects (such as apnea, seizures, and coma) from dicyclomine appear to be most common in infants Ͻ7 weeks old. 67 Some authors have argued that the beneficial effects of dicyclomine outweigh the relatively low incidence of adverse effects. 68 However, Merrell Dow, the manufacturer, no longer considers infant colic an indication for dicyclomine and has contraindicated its use in infants Ͻ6 months old.
Does Treatment With Methylscopolamine Relieve the Symptoms of Colic?
The 1 RCT conducted of methylscopolamine in infant colic found that it had no significant impact on the symptoms of infant colic, but that adverse effects were more common in infants receiving the active treatment. 49 Seventy percent of the infants receiving the active treatment were reported by their parents to be better or much better, as opposed to 80% of the infants in the placebo group. Another 20% of infants in the methylscopolamine group were reported to be much worse after receiving the medication, as compared with none of the infants receiving the placebo. The case definition in this trial did not include duration or frequency, and the placebo did not resemble the active treatment. Methylscopolamine does not appear to be an either effective or safe treatment for infant colic.
Dietary Interventions
Among the RCTs dealing with dietary interventions for infant colic, 8 included some method of removing cow's milk from the infant's diet and 1 looked at fiber-enriched formulas. 50 Simethicone X Sethi 51 Simethicone X Metcalf 12 Simethicone X X Illingworth 53 Dicyclomine Grunseit 54 Dicyclomine X Weissbluth 52 Dicyclomine X Illingworth 49 Scopolamine Evans 57 Dairy elimination X Hill 58 Hypoallergenic diet X Forsyth 59 Hypoallergenic formula X Campbell 56 Soy formula X Lothe 60 Soy formula Stahlberg 62 Lactase X Miller 61 Lactase X Treem 55 Fiber enrichment X X Barr 64 Increased carrying Parkin 9 Increased carrying Car ride simulator X Dihigo 63 Parent training McKenzie 11 Decreased stimulation Weizman 65 Herbal tea X X Markestad 10 Sucrose X X Barr 66 Sucrose X X * All of the included trials were adequately randomized. Inadequate case definitions and study methods are discussed in the text.
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SUPPLEMENT 58 randomized both breastfeeding and bottle-feeding mother-infant pairs to hypoallergenic or control diets. In breastfeeding pairs (67%), the hypoallergenic diet was a maternal diet free of milk, egg, wheat, and nut products; the control diet was a maternal diet that included all of these products. In bottle-feeding pairs (33%), the hypoallergenic diet was a hypoallergenic infant formula; the control diet was a cow milk-containing infant formula. The authors considered the trial to be double-blinded, as all participating mothers were put on a controlled diet and told it was being tested as a possible treatment for infant colic. The double-blinding of this study may not have been adequate, however, as no attempt was made to make the 2 infant formulas indistinguishable from one another.
In a combined analysis, the authors found that the mean daily duration of colic symptoms was reduced by Ն25% over 8 days in 61% of infants in the hypoallergenic group as compared with 43% of infants in the control group (RR ϭ 1.43; 95%CI ϭ 1.00 -2.06; P ϭ .047). 58 No significant differences were found between the results of the breastfed and bottle-fed groups. The author of this study kindly supplied us with additional data stratified by age and feeding method. We found that breastfed infants whose mothers were assigned to the control diet had significantly better changes in clinical scores (P value Ͻ .001 for infants under 6 weeks old; P value Ͻ .05 for infants 6 weeks and older).
In another randomized trial, elimination of cow's milk from the mother's diet did not have a significant effect on the symptoms of colic; however, the symptoms of colic were more frequent on days during which the mother ate fruit or chocolate, regardless of the group to which she had been randomized. 57 It is interesting to note, however, that the rates of colic were higher on cow's milk days than on milk-free days in infants of mothers who reported atopic disorders (eczema, asthma, or allergic rhinitis). Because of the small sample size, this study was insufficiently powered and the differences were not statistically significant. This trial also used a highly subjective case definition, and the resulting misclassification may have further diminished the power of the study.
In summary, data regarding utilization of hypoallergenic diets by breastfeeding mothers are inconclusive, but suggest that there may be some therapeutic benefit. Further studies are warranted to better evaluate these therapies.
Does the Use of Hypoallergenic Formulas Reduce the Symptoms of Colic in Bottle-fed Infants?
A stratified analysis of the data provided from Hill's study 58 revealed that children randomized to the hypoallergenic formula had significantly greater improvements in clinical scores than did the infants in the placebo group (P Ͻ .01). A crossover RCT also reported significant improvements in colic while infants were receiving the hypoallergenic formula. 59 Unfortunately, the actual data from this second study were not presented in a manner that allowed for comparable interpretation and further data were not available from the author. It was unclear whether the case definition was adequately precise. This trial also had a relatively high dropout rate (47%), and an intent-to-treat analysis was not performed.
As with low allergen diets in breastfeeding mothers, the use of hypoallergenic infant formulas appears to have a beneficial effect on the symptoms of infant colic, although better studies are needed.
Does Use of Soy-Based Formulas Reduce the Symptoms of Colic in Bottle-fed Infants?
In 1 RCT, the mean weekly duration of colic symptoms during treatment with soy formula was 8.7 hours, as compared with 18.8 during the control periods (mean difference ϭ 10.1; 95% CI ϭ 3.8 -16.5). 56 If persisting colic is defined as weeks in which there were Ն9 hours of colic symptoms, then colic persisted in only 31.6% of infants during the soy formula periods as opposed to 94.7% during the control periods (RR ϭ 0.33; 95% CI ϭ .017-.65). The other RCT of soy formula in infants did not report the data in a manner that allows for analysis of treatment effect. 60 In addition, this trial used infants admitted to the hospital for colic as their case definition, which is likely a considerably different sample population from those children seen for colic symptoms in an outpatient setting. The adequacy of the double-blinding in both trials is questionable, as no attempt was made to render the different infant formulas indistinguishable from one another.
In summary, soy formula may be an effective treatment of infant colic, but further research is clearly needed in this area as well.
Does Treatment With Lactase Enzymes Reduce the Symptoms of Infant Colic?
Neither of the 2 RCTs that studied the effects of lactase on infant colic found any significant differences between treatment and placebo results. In 1 trial, breastfed infants were given either lactase or a placebo orally within 5 minutes of feeding. 61 There were no significant differences between infants receiving lactase and those receiving placebo in the mean duration of time spent sleeping, crying, or feeding. Another trial used lactase and a placebo to treat both cow's milk formula and pooled breast milk. 62 Colic symptoms were present on 89% of the formula days, and on 71% of the breast milk days, but there were no significant differences between the lactase-treated and nontreated versions of either formula or breast milk. Neither of these trials used case definitions that utilized duration measurements.
There is therefore no evidence that lactase is an effective therapy for infant colic.
Does the Use of Fiber-Enriched Formulas Reduce the Symptoms of Colic in Bottle-fed Infants?
One RCT studied the effect of fiber-enriched formulas on infant colic, under the hypothesis that the pathology of colic is similar to that of irritable bowel syndrome and might therefore benefit from fiber enrichment. 55 Although the fiber enrichment did have a significant effect on the frequency of stools and the prevalence of hard or formed stools, there were no significant differences between the treatment and placebo groups in the average time spent crying each day.
Behavioral Interventions
Does Carrying the Infant More Often Reduce the Symptoms of Colic?
Neither of 2 RCTs showed that increased infant carrying resulted in any reduction of the symptoms of infant colic. In 1 of the studies, an increase in infant carrying of 56% was observed in the intervention group, but it was not associated with any differences in either frequency or duration of crying or fussing when compared with the control group. 64 The mean duration of crying was only 3 minutes less in the intervention group (95% CI ϭ Ϫ37-32 minutes); the study had 80% power to detect a difference of 25% or greater. This trial also used a highly subjective case definition, and the subsequent misclassification may have diluted the study power.
In the other trial, parents were given Snugli (Evenflo Company, Inc, Vandalia, OH) infant carriers and were told to both carry the infant more often and to reduce stimulation. 9 Again, no significant effect was observed. Neither of the studies were double-blinded, a common weakness in trials of behavioral interventions.
In summary, current data does not support supplemental carrying as an effective intervention for infant colic.
Do Car Ride Simulators Reduce the Symptoms of Infant Colic?
In 1 RCT, parents in the intervention group were given a SleepTight (SleepTight, Inc, St Charles, MO) car ride simulator and were instructed to use it during periods of crying or fussing. 9 Both the intervention and the control group received reassurance from the pediatrician and support from a public health nurse. There were no significant differences between the groups in either the daily hours of crying or in measurements of maternal anxiety. Like the other trials of behavioral interventions, this study was not double-blinded. The study had 80% power to detect a 1-hour mean difference of daily crying.
Does Intensive Parent Training Reduce the Symptoms of Infant Colic?
There are not sufficient data to answer this question. Although 1 RCT showed that parents who received intensive training in parent-infant communication skills and daily counseling reported a mean decrease in daily crying of 2.67 hours (95% CI ϭ 1.83-3.51 hours) as opposed to .17 hours (95% CI ϭ Ϫ1.55-1.89) hours in the control group, this study had several methodologic flaws. 63 First, the study was not blinded. Second, the same investigator who provided the training and counseling also obtained and analyzed the report diaries from the parents. This raises substantial concern that the parents in the intervention group may have felt pressure to report favorable results. 13 In addition, the case definition only required 2 hours of crying over a 3-day period. The large amount of time and resources required for this intervention may make it less appealing to caregivers and providers.
Does Decreasing Infant Stimulation Reduce the Symptoms of Colic?
In 1 RCT, 93% of infants whose parents were advised to reduce stimulation improved, as opposed to 50% of those in the control group (RR ϭ 1.87; 95% CI ϭ 1.04 -3.34). 11 Although these findings are statistically significant, the study has several methodologic weaknesses. First, the case definition of colic was highly subjective, which may have led to inclusion of infants with considerably milder symptoms in this study than in others that used more standardized criteria. This means that infants without colic may have been included in the study, and the intervention may have been more successful in these infants than in those with colic, thus biasing the results toward the demonstration of a therapeutic effect. However, if the intervention was more successful in infants with colic, then this misclassification may have biased the results toward the null. Second, parental diaries as a means of assessing treatment benefits are inherently more subjective than the unbiased assessments by study investigators used in some trials. Third, as a behavioral trial, the study was not double-blinded.
Naturopathic Interventions
Do Herbal Teas Reduce the Symptoms of Infant Colic?
One RCT compared an herbal tea containing chamomile, vervain, licorice, fennel, and balm-mint to a placebo tea with the same taste, odor, and appearance. 65 Infants were offered the tea at the onset of every episode, with a maximum dose of 150 mL, up to 3 times a day. After 7 days of treatment, 57% of the infants receiving the herbal tea no longer met the Wessel criteria for colic, as opposed to 26% of the infants in the placebo group (RR ϭ 0.57; 95% CI ϭ .37-.89). No significant differences were seen in the average number of night wakings (1.9 in treatment group, 2.2 in placebo group), and no adverse effects were reported in either group. As promising as these results are, however, the mean tea consumption of 32 mL/kg/d raises concerns about the potential nutritional effects if prolonged treatment leads to a decreased intake of milk.
Is Sucrose an Effective Treatment for the Symptoms of Infant Colic?
In a randomized crossover trial, 89% of infants were reported by parents as responding to the sucrose, while only 32% responded to the placebo (RR ϭ 2.83; 95% CI ϭ 1.44 -5.59). 10 The study did not report whether an effect was observed in the duration or frequency of crying, but it appears that in the majority of cases the response to the sucrose lasted for Ͻ30 minutes. Another RCT that examined infants both with and without colic found that while both groups responded to sucrose and not to the placebo, the response in the colicky infants lasted on average Ͻ3 minutes. 66 In this trial, the intervention was administered and effects observed by an investigator in a controlled environment, helping to reduce many potential sources of bias.
COMMENT
An evidence-based approach to colic might include a trial of dietary changes, treatment with herbal tea, and attempting to reduce the stimulation level in the infant's environment (Table 3 ). It seems likely that a subgroup of infants with colic has symptoms caused at least in part by allergy; these infants will have a significant reduction in symptoms within a few days of initiating a hypoallergenic diet. 56 -59 In bottle-fed infants, hypoallergenic formula may be superior to soy formulas, as several studies have commented that the majority of infants who did not respond to soy formula later responded to hypoallergenic formula. 56, 60 However, there have been no clinical trials to date directly comparing hypoallergenic to soy formulas in infants with colic. There is some evidence for the effectiveness of herbal tea in the relief of colic symptoms, and the organic nature of the treatment may appeal to many parents. The evidence for reduction in stimulation is somewhat less clear, but the intervention requires few, if any, resources to implement and was not associated with any adverse effects.
Future randomized trials of treatments for infant colic should strive to avoid the methodologic flaws that have hampered the results of so many studies in this area. As double-blinding is generally not possible in trials of behavioral interventions, it is especially important to use the most objective outcome measures possible in these trials to reduce the potential for bias. The wide diversity of inclusion/ exclusion criteria and outcomes measured has made it difficult to compare the effectiveness of different treatments, and the possibility of selection biases further decreases generalizability.
The use of common case definitions (such as the Wessel criteria) and age ranges (2-8 weeks was the most commonly used in the studies reviewed), along with common outcome measures (such as mean daily duration of crying) would allow for a greater degree of comparability between trials. Infants with colic comprise a heterogeneous population, and subgroups of these infants may respond differently to the various interventions. Subclassification of infants with colic by symptoms or suspected etiology in future trials might enable researchers and clinicians to predict which interventions are most appropriate for a given infant. 11 Improvement observed 50% 93% Ͻ.01 2 Herbal tea 65 Elimination of colic 26% 57% Ͻ.01 3 * These data combine the results from both breastfeeding and bottle-feeding mother-infant pairs, as stratified resolution rate data were not available. The hypoallergenic diet consisted of hypoallergenic infant formula or a hypoallergenic maternal diet.
